Objectives: To evaluate the 5 year effects of an intensive intervention versus the standard-of-care intervention on cardiovascular risk factors in HIV-infected patients on antiretroviral therapy (ART).
Introduction
HIV-infected persons are at increased risk of cardiovascular disease (CVD).
1 -3 Their prolonged life expectancy might contribute to intensify the magnitude of the problem, which will likely become more prevalent during the next decades as patients become older. Interventions aimed at reducing cardiovascular risk are therefore imperative in the HIV population.
The intensity of efforts to prevent CVD should be adjusted to individual risk. 4, 5 Dyslipidaemia, one of the major cardiovascular risk factors (CVRFs) involved in atherogenesis, is frequent among HIV-infected people. 6 Because HIV itself and antiretroviral therapy (ART) are considered additional independent risk factors for coronary heart disease, a more aggressive management of lipids has been advocated in the HIV-infected population. 7 -9 In contrast to the general population, there is no evidence of the benefits of lipid-lowering interventions on the natural history of atherosclerosis in HIV patients. Moreover, the long-term effectiveness and safety of lipid-lowering therapy in these patients remain unknown. 8, 10, 11 We carried out a randomized study to evaluate intensive versus standard-of-care pharmacological management of CVRFs among HIV patients with moderate -high cardiovascular risk. Our hypothesis was that the intensive intervention should be accompanied by lower atherosclerosis progression measured with the carotid intima-media thickness (cIMT) and with several biomarkers implicated in the pathophysiology of CVD. Results at 1 year follow-up have been reported previously. 12 We hereby report the 5 year safety and efficacy of both interventions on lowdensity lipoprotein cholesterol (LDL-C) targets, the cIMT and several biomarkers implicated in the pathogenesis of CVD.
Methods

Patient selection
Inclusion and exclusion criteria have been described elsewhere. 12 Briefly, patients with moderate -high cardiovascular risk, i.e. with at least two CVRFs or a Framingham risk score ≥10%, were asked to participate in the study. CVRFs were those defined by the National Cholesterol Educational Program (NCEP). 4 After the first year of follow-up, patients were invited to continue in the study for a 5 year period. Patients who declined invitation and patients without virological suppression were excluded from this extension follow-up period. Patient recruitment had begun on August 2006 and the last assessments were carried out in September 2012. The study was approved by the local Ethics Committee and all patients signed a new informed consent. Registration number: S.P.0083/2005 (DOGV 5,161).
Intervention
The study design, protocol and sample size calculation have been provided previously. 12 For patients assigned to the intensive intervention, lipids were managed following the recommendations of the Third Report of the NCEP 4 for patients included in the highest risk category of primary prevention or in secondary prevention. The therapeutic goal for LDL-C was ,100 mg/dL. Atorvastatin was the lipid-lowering drug of choice at the beginning of the study. If the therapeutic goal was not achieved, ezetimibe was added. By the fourth year of the intervention, rosuvastatin replaced atorvastatin in patients who had not achieved the therapeutic goal. Management of hypertriglyceridaemia, hypertension, diabetes and smoking were the same in both groups. 12 Strategies for smoking cessation consisted of intense patient counselling, use of nicotine substitution where appropriate and referral to specialized smoking cessation clinics when they became available in our health authority. Daily aspirin at a dose of 100 mg/day was prescribed to patients undergoing intensive therapy, unless contraindicated; in such cases, clopidogrel was the antiplatelet drug prescribed. Finally, patients receiving ritonavir-boosted protease inhibitor (PI)-containing regimens had the PI component switched to atazanavir. For patients assigned to the standard-of-care intervention group, the therapeutic goal for LDL-C was ,130 mg/dL. In this group, no antiplatelet therapy was initiated and the antiretroviral regimen was not changed.
Patients were followed up every 3 months during the first year and then annually. Blood samples were collected at each visit.
Measurement of biomarkers
At baseline and years 1, 3 and 5, an additional sample was collected and kept frozen at 2708C. High-sensitivity C-reactive protein (hsCRP), interleukin 6 (IL-6) and tumour necrosis factor a (TNF-a) were measured in defrosted plasma samples after study completion as previously described. 12 
cIMT measurements
Carotid measurements were performed at the baseline visit and at years 1, 3 and 5 of follow-up. For determination of the cIMT, B-mode highresolution ultrasound was used following a standard procedure described previously. 13 All measurements were performed by the same investigator, who was blinded to the group to which the patients belonged.
Statistical analyses
To compare the study groups, we used the Mann-Whitney U-test and the x 2 test where appropriate. The non-parametric Friedman test for repeated measures was used to compare intragroup differences. The Wilcoxon signed-rank test was used to compare differences in the pre-treatment and last on-treatment measures. Significance levels were placed at P,0.05.
Results
Patient disposition
The flow chart of the patients is shown in Figure 1 . There were no significant differences between patients excluded from the study for any reason and those who remained in the study in the levels of LDL-C, high-density lipoprotein cholesterol or total cholesterol. The levels of triglycerides were lower in patients excluded (108 versus 166 mg/dL, P¼ 0.03).
Nine (41%) patients in the intensive group were receiving PIs; of them, four (18%) changed to atazanavir+ritonavir. In the standard-of-care group, five (20%) received lopinavir/ritonavir, three (12%) received atazanavir+ritonavir and one (4%) received saquinavir. Non-nucleoside reverse transcriptase inhibitors (NNRTIs) included efavirenz in seven (31.8%) and eight (32%) patients in the intensive and standard-of-care groups, respectively, and nevirapine in six patients in each group (27.2% and 24%, respectively). Ten (45.5%) and 9 (36%) patients in the intensive and standard-of-care groups, respectively, received abacavir.
Details on the lipid-lowering drugs used and statin doses are provided in Table 1 . Antiplatelet therapy with aspirin was prescribed to all patients in the intensive intervention group, except two (9%) patients who received clopidogrel and one patient receiving oral anticoagulant therapy.
Efficacy on blood lipid levels and other CVRFs and safety of the intervention
The median (IQR) change in LDL-C at 5 years was 278 (296/ 239.7) mg/dL in the intensive group and 249 (272/23) mg/dL in the standard-of-care group (P¼0.04). Fourteen out of 17 (82.4%) patients in the intensive group had reached an LDL-C ,100 mg/dL at year 5. The median LDL-C levels throughout the study period are shown in Figure S1 (available as Supplementary data at JAC Online). Notably, the majority of patients in the standard-of-care group achieved the LDL-C goal of ,130 mg/dL early and, at 5 years, 17 out of 21 (81%) patients had an LDL-C ≤130 mg/dL.
There was a reduction in the number of smokers in both groups ( Table 2 ). The median (IQR) reduction of the 10 year risk of coronary disease (Framingham score) was higher in the intensive intervention group (P¼ 0.01).
No discontinuation of statins due to adverse events occurred during the study. There was a slight and non-clinically relevant increase in alanine aminotransferase (ALT) levels in patients included in the intensive group (data not shown). In two patients included in the standard-of-care group, high creatine phosphokinase (CPK) levels without concurrent muscular symptoms were observed during the study; one of them had a CPK of 2417 U/L at year 3 and the other had a CPK of 1120 U/L at year 5. Both results could not be confirmed subsequently and the patients acknowledged intense physical exercise immediately before the blood tests. Glucose and glycated haemoglobin did not change significantly during the 5 year follow-up. There was a significant increase in CD4 cell counts in both groups during follow-up (Table 2) .
cIMT There were no significant changes in cIMT measurements intragroup or between the intensive and the standard-of-care groups during the 5 year study period. Median values of cIMT obtained at baseline and at years 1, 3 and 5 in each group are shown in Table S1 (available as Supplementary data at JAC Online).
Changes in blood biomarkers
Median (IQR) values of blood biomarkers at baseline and at years 1, 3 and 5 are shown in Table S1 . Compared with baseline, there was a significant decrease in both groups in the levels of IL-6 and TNF-a. No significant changes were observed in hsCRP.
Discussion
Our study confirms that long-term lipid-lowering therapy with a strict goal of ,100 mg/mL for LDL-C is safe and the therapeutic target can be achieved and maintained over time in HIV-infected There is wide experience with intensive lipid-lowering therapy in the general population, where it has shown to be a useful and safe intervention. 14, 15 However, studies dealing with statin therapy in the HIV-infected population have frequently employed low doses and short follow-up periods. 16 -20 Moreover, a difficulty in achieving the lipid targets has been described in HIV-infected patients compared with HIV-uninfected subjects. 21, 22 In contrast, most patients in our study achieved the planned therapeutic LDL-C goals, which were maintained throughout the study period. High doses of atorvastatin and rosuvastatin were used for a long time with good tolerance and lack of significant adverse effects.
The number of smokers decreased during the study, to a higher degree in the intensive group, although the difference in the change between the groups did not reach statistical significance. However, a significant proportion of patients did not quit smoking. Likewise, blood pressure was not as well controlled as LDL-C levels were. Since there was a substantial cardiovascular mortality in this moderate-to high-risk population sample, a more aggressive control of all CVRFs should have been warranted to reduce event occurrence.
We did not find regression of the cIMT in any intervention group. However, in contrast to other longitudinal studies in HIV-infected patients, 23 -26 we did not find progression of subclinical atherosclerosis, despite the inclusion of patients with a high-risk cardiovascular profile and a long follow-up duration. On the other hand, the low number of patients in each group, many of them already receiving lipid-lowering therapy at inclusion, and the high number of individuals treated with statins and with good LDL-C control in both groups might have contributed to attenuation of intra-or intergroup differences.
Actually, if patients had been managed according to the 2013 American College of Cardiology/American Heart Association guidelines for cholesterol treatment, 5 76.2% of patients in the standard-of-care group would have been appropriately treated. The analysis of our data after excluding patients on lipid-lowering therapy at baseline provided similar results (data not shown). A Dyslipidaemia, diabetes and hypertension were defined according to the NCEP criteria (hypertension, repeated blood pressure ≥140/90 mm Hg; high total cholesterol, ≥240 mg/dL; diabetes, plasma glucose value ≥126 mg/dL), by a previous diagnosis or by a current prescription of pharmacological therapy for any of such risk factors.
a Carotid plaque was defined as an intima-media thickness .1.5 mm.
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third comparison group with no intervention might have helped clarify the benefits of the strategies assessed in the study. Some previous cohorts where the benefits of statin therapy were demonstrated included a control group free from lipid-lowering therapy. 15, 16 Finally, the lower CD4 cell count of patients included in the intensive intervention group might have contributed to ameliorate the differences in the cIMT changes between groups, since lower CD4 cell count and nadir have been associated with progression of atherosclerosis. 23, 25, 27 There was a decrease in the pro-inflammatory cytokines IL-6 and TNF-a. Apart from the effects on LDL-C, statins possess well-known anti-inflammatory properties independent of lipid lowering, with a reduction in inflammation markers under statin therapy being reported in the general population 28, 29 and in HIV-infected patients. 16, 18, 30 So far, data evaluating the relationship of inflammation biomarkers with the cIMT in HIV-infected patients have been mostly restricted to cross-sectional studies. 31, 32 As previously stated, the main limitations of the study are the low number of patients reaching the 5 year follow-up and the absence of a control group with no intervention. Therefore, the study might have been underpowered to detect differences in atherosclerosis progression between the groups. While we focused on LDL-C, a more stringent intervention on smoking and blood pressure might have helped delay atherosclerotic disease progression, consequently improving surrogate atherosclerosis markers. The strengths of the study are the novelty of such an intervention in HIV-infected patients and the prolonged follow-up with serial measurements of lipids and different biomarkers implicated in the pathogenesis of atherosclerosis.
In conclusion, our study supports the long-term efficacy and safety of an intensive intervention on CVRFs in HIV-infected patients on ART. Besides attaining the lipid targets, this intervention was associated with antiatherosclerotic changes in inflammation cytokines and with the absence of atherosclerosis progression measured with the cIMT, which need to be verified in larger studies.
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b Carotid plaque was defined as an intima-media thickness .1.5 mm. c Two patients died of cardiovascular-related causes (mesenteric ischaemia and sudden death of probable vascular aetiology) and two patients died of non-cardiovascular-related causes (one suicide and one opioid overdose). d One patient died of a vascular-related cause and one patient died of infectious endocarditis.
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